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Groun A 



Claims 1--|7_ 



' HZ J2SF£. aPP " Cant iS ** Wh8t iS 98tabi,Shed ,0 ' MWNT * "01 warily 

no 21! ^' ? S ? m C ° rreCt bUt W ° U,d femain a ^'cal argument 7 
no further elements of comparison were given. The applicant states mat singie wall 

nano tubes are fundamentally different from multl-wall nantubes. The single wall tubes are 

r 22T ?T ^ mU,, ' Wa " tUbM bMiMl, V * form of 

iZ^r H! ,UbM haV9 rOTarkab,e a,ectr *" thermal 

characteristics because they are essentially perfect molecules. The multi-wall tubes are 

2. The argument under 1 hereinbefore oan be accepted. 

1 ^Z^T 5 re,atM t0 MWNT ° r t0 SWNT - Navarthete "' *• must get 

the benefit of the doubt. As far as 0 a is concerned, it can be reasonab* accepted that it 

probably relate, to MWNT (see p 276 M column lines 3-4 and p 276 left column, last §). 

Hl er !l!7' *? ? PP,,Cant,a araumMtatfon towarda ciaims M7 is accepted and claims M7 
regarded as being novel and Inventive over the available prior art documents. 

Claims 8$.?] 



(a) The arguments of the applicant are rejected since 

(1 ) it is not correct to state that claims 63.86 are directed to "purified SWNT" (see 
page 2 of the applicant's letter). They merely refer to "a composition of matter" 
which could for instance be in an as-synthesized state. 

(2) Neither does said claims indicate whether said "composition of matter" is macr< 
scopic or microscopic". 

Therefore, the original objection (4-fl) is maintained: 
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lalTaie^ °' " 1 " in ~ as carbon, 

(0 The wording of claim 63 is extremely broad, so that it is felt that any bundle of SWNT 
anticipates claim 83. Such bund.es are for instance to be seen on page 646 o 0 but alao 
on page 767 of 0 4 (see comment on pege 765 2nd paragraph). * ' $ ° 

The same arguments are brought forward vis-a-vis of claims 64-66. 87-71. 
Therefore claims 63-71 are regarded as lacking an inventive step. 
Claims 7fl.g Q 

it is suggested to limit n to values 1-30. 

The following comments are made supposing this suggestion Is followed 

According to the applicant. D, does not relate to SWNT (see page 7. lines 33-35 of 05) 
functionallzed In a variety of ways. ***wuo } 

Nevertheless, the SWNT of 0 4 (see pages 758; 770, 2nd paragraph and Fig. 1 9. 10(c) on 

fo, i!J 7 ] "n™*"* b9 L * funCtlonaJl ^ ^ <°»°wlng the teaching of D. (see 

for mstsnce 0 6 's general statement on page 1 lines 1-14). 

D 4 also discloses filled nanotubes (see page 858). 

Since none of claims 72-80 contain any quantitative information on the degree of 
derivation, it is considered that they lack an inventive step over D 4 combined with 
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Claims iflfidlfl , 

Endoh M „ ¥ le.d M ,ub uto , c .* mmo , sculM , r4k „ owforlnstance(rom . 
D 4 (see 3.d herein above). 
• D 4 also discloses (see chapter 20) man/ possible applications. 

' 1? end0hedra, ^ d0 ^ fu "^es can be used as memory bit. 

(Compare with present application, page 51. lines 4-8). 

" ZT^TJZT^T ot Dt T be for instance ,Mded ^ *~ of 

««, n, win , (see page 859, 2nd paragraph). 

' ^^.T^ ° f C ' 8im 100 dW n0t 8pftCl * «* k ™ 0' ■ndoht*.! specie? ,t is 
considered that it is anticipated by D 4 . * 

The same conclusion Is valid for claim 108. 

• 0 4 doe, not explicitly recite or support CorC, a possibls endohedral species (asin 
present claim 1 07), but * is considered to be wtthin ,he reach of mXSZS^L 

eizi^^^ 

Consequently claim 107 is regarded as Iscking an inventive step. 
The same conclusion is made for claims 109-1 10. 
Claims H7.1*) 

' °^nL°" 12 T ™ ie nanctubM < s " <»9» 1 1 «nes 7-30) 
which can be -.nccrporated in a matrix-, - themetrix preferably being an organic polymer 
eg a thermoset resin such as ecoxv. bi.m.i a imi^ ^ - J. * . p y e ' 



metal or a ceramic material. 



as epoxy, bismaleimide, polyamide; a thermoplastic-resin; a 



According to the applicant, 0 $ merely relates to MWNT. 
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. It has been noted that the applicant's argumentation relates to the fact that processes 
wh,ch are val d for MWNT are not necessarily effective for SWNT. Neverthe^ s 
argument cannot be successful here because claim 1 , 7 does not recite any tec n L 

that by us.ng the technic of D, with SWNT, no composite ^ can be obtained. 

cZZT"' the *T ner ° PlnM that th ' 8 i8 ver * * "e the case, so that 

claim 11 7 is regarded as lacking in inventive step. 

The same conclusion applies to claims 1 18-124, 131. 

Claims 125-130 and 132-140 are regarded as lacking an inventive step since it cannot be 
seen what technic* problem a man skilled In the art knowing D. would have h dTsole 
mvent,vely to com. to the preferred embodiments of claims 125-1 30. 

Claims 141-152 

An objection was raised on the base of D 8 . 

Nevertheless, the applicant considers that D, deals with multrwatt nanotubes laden with 
crystal defects, which is not predictive of the behaviour of the SWNT in claims 141-152. 

The argument is here accepted. 

Therefore claims 141-152 are regarded as being novel and inventive over the available 
prior art. 



Claims 153.1*6 

As far as claims 153-156 are concerned, it appears that none of the available prior art 
literature suggest or discloses an antenna such as that claimed by present claim 153. 

D<, chapter 20. teaches that a polymeric -C,, heterojunctlon is expected to exhibit a 
photovoltaic response (page 881 ). 0 4 also gives on figure 20.2 (page 903) a schematic 
presentation of several proposed electronic device applications for carbon n fl nt„^ a 
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Nevertheless, no-explicit mention that a current could be generated tnrough photo 
conductivity of such a tube is suggested or disclosed. 

Therefore, claims 153-156 are both novel and inventive. 
Claims iS7.iffi> 

Considering D 4 page 903 fig. 20.2 as well as page 904 and D 7 , for instance claims 36 41 
45, 50, 53-55 etc... it cannot be seen what technical problem the skilled practitioner had to 
solve - in an inventive manner - to come to the embodiments of present claims 157-162. 

Therefore these are considered as not being Inventive. 

frQUP B; Clalma 1R.3Q 

Claim 1fi 



• It's not clear whether by -said molecules having sttamm equal lengths' is meant that 
these molecules merely should have any length within the range 5-500 nm or whether an 
average length withfn said range is meant 

0, discloses on page 473 right column first two lines, SWNT having a length ranging from 
100 nm up to several microns. 

At leaj: one cutting technique is known from D f . 

Process step c) merely refers to an isolation procedure which is not precisely disclosed. 

Therefore, the isolation - purification procedures known in the art (see D„ D t . D 4 ) are 

encompassed by said process step, which therefore cannot be regarded as being inven- 
tive. 

Therefore, claim 18 is felt to lack an inventive step. 

Claims 19-23 relate to a preferred cutting method comprising using a "high energy beam of 
high mass ions". 

D, describes a cutting method comprising Injecting eJastroca into the nanotubes at 'a 
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relatively high voltage" (page 2631 right column, paragraoh before last). 
- Therefore claims 1 9-23 are novel over the available prior an literature. 



• Nevertheless it cannot be seen to what specific advantage, or to what unexpected effect, 
the use of high mass ions instead of electrons leads to. Why would the skilled practitioner 
knowing D, not be inclined to try cutting nanotubes with projectiles other than electrons? 

Therefore it is considered that the use of a "high energy beam of high mass ions" is a 
technically equivalent mean for cutting nanotubes. 

Therefore, claims 1 9-23 lack an inventive step. 

• Claims 24-25 relate to another cutting method, comprising sonicating with acoustic energy 
a suspension of SWNT in a medium. 

Since none of the documents cited in the search report mention or suggest that nanotubes 
could be cut by using sonicatlon (aa described on page 26 lines 23 • page 27 line 19) 
present claims 24-25 are regarded aa being novel and Inventive. 

- None of the available prior art documents suggest thet SWNT can be cut oy refluxing the 
seme in concentrated H NO*. 

Therefore claims 26-30 are considered aa being inventive. 
gfQUP C. Claimaai.flg B 1-10S. 111.116 

• D 5 appears to be the moat relevant prior art document. 

• None of the documents of the I.S.R. disclose or suggest methods for forming a macro- 
scopic molecular array of tubular carbon molecules 

- Therefore present claims 31-62 must be considered aa novel and inventive over said 
documents. 
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• Moreover, the macroscopic molecular array of independent claim 81 as well as the product 
of claim 91 are neither disclosed nor suggested by the available prior art literature 

• Therefore, claims 81-1 05 are both novel and inventive; the same conclusion applies to 
claims 111-116. 
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r.taim : 

1 . A method for purifying a mixture comprising single-wali carbon 
nanorubes and amorphoui carton contarninatc. said method comprising <he jeeps 
5 oft 

(a) heating said mixture under oxidizing conditions sufficient to 

remove thi said amorphous carbon and 
<b) recovering a product comprising at least about 80% by weight of 
single-wall carbon nanotubee. 
10 2. The method of claim 1 wherein said oxidizing condmons comprise 

an aqueous solution of an inorganic oxidant 

3 . The method of claim 2 wherein Mid inorganic oxidant is selected 
from the group consisting of nitrie acid, a mixture of sulfuric acid and hydrogen 
poroxida, potassium permanganate and mixtures thereof. 
^ 5 4. The method of claim 2 wherein said aqueous solution is heated to 

reflux. 

5. The method of claim 2 additionally comprising the step of 
subjecting the oxidiaed product of step (b) to a saponification treatment. 

6. The method of claim 5 wherein said seponiflcauon treatment 
20 comprises contacting said product with a basic solution. 

7. The method of a claim 6 wherein said baeic solution comprises 

sodium hydroxide. 

g, The method of claim 6 additionally comprising the step of 

neutralizing the saponified product with an acid. 
25 9. The method of claim 8 wherein said acid is hydrochloric acid. 

10. The method of claim 8 edditionally comprising the step jjf 
recovering a solid product from the saponified, neutralized product. 

U. The method of claim 10 wherein said product is recovered by a 
method selected from the group consisting of filtration, settling by gravity. 
30 chemical flocculators, and liquid cycloning. 



AMENDED SHEET 



1 2 The method of dm 1 0 wherein said solid product is a paper-like 
two dimensional product 

13. The method of claim 12 additionally comprising the itep of drying 
the product 

* 14. The method of claim 13 wherein .aid produci is dned at about 

MO'C in a hydrogen gas atmosphere. 

15. The method of claim 1 wherein said product comprise, « least 
about 90H by weight of singie-waJI carbon nanotubes. 

!<• The method of claim I wherein said product comprises at least 
10 »bom9S%bywcightofain f l^wallcariH)nMnotubes. " 

17. The method of claim 1 wherein said product comprises at least 
about 99% by weight of tingle-wall carbon nanotubes. 

18- A method for producing tubular carbon molecules of about 5 to 300 
na in length, said method comprising the slept of; 
15 (a) providing a singlcwaU carbon neaomfc-conuining materia 

0» cutting singlfwtJJ ^aotubw in said singlcwaij nanotube 
contaioing-mawiai to farm a ntuture of tubular carbon molecule* 
having lengths in the range of 5*500 nm; 
(0 isolating from said mixture of tubuJsr carbon molecules » fraction 
20 of said moieeuJn having substantially equsJ lengths. 

19. The method of claim 1 8 wherein said cutting single-wali nanotubes 
mto tubular carbon moiecuJee comprising the steps of: 

(a) forming a subttandally two^easiontl target containing single- 
wail nanotubes of length, up to about one micron or more and 
25 (b) irradiating said target with a high energy beam of hagh mas, ions. 

20. The method of claim 19 wherein a high energy beam is produced 
in a cyclotron and has an energy of from ebout 0. 1 to about 10 GeV. 

21- The method of claim 19 wherein said high mass ion has a mass of 
greater than about 1 50 AMU. 



^DEO SHEET 



tc bi i 44 1 1 asoa^'aa p. 



99 



84 

22. The method of claim 21 wherein said high mass ion in selected from 
the group consisting of gold, bismuth end uranium. 

23. The method of claim of 22 wherein the high mass ion ii Au' iS 

5 24. The method of claim 1 8 wherein Mid cutting singie-wail nanotubes 

into tubuiir carbon molecules comprises the steps of: 

(a) forming a suspension of single-will nine tubes in a medium; 

(b) sonicating said suspension with acoustic energy. 

25. The method of claim 24 wherein said acoustic energy it produced 
10 by a device operating at 40 KHz and having an output of 20 W. 

26. The method of claim 1 8 wherein said cutting single- wail nanotubes 
into tubular carbon moleeulee compriiee refluxing single wall carbon nanotube 
containing material in concentrated HNO,. 

27- The method of claim 19 ftwher comprising (he step of heating the 
1 5 tubular carbon molecules to form a hemispheric (ullereoe cap on at least one end 
thereof 

- 21. The method of claim 18 flirtbjrcompriaingth«swp of renting seid 
tubular carbon molecules with a material which provides at the reaction conditions 
at least one subsotunt on at least one of said ends of said tubular carbon molecule. 

20 ?9. Ins method of claim 26 further comprising the step of reacting said 

tubular carbon molecules with a material which provides at the reaction conditions 
at least one subetituent on at least one of said ends of said tubular carbon molecule. 

30. The method of claim 28 or 29 wherein said subsntueot is selected 
from the group consisting of each msy be independently selected from the group 

25 consisting of hydrogen; alkyl, aeyl, aryl, aralkyl, halogen; substituted or 
unsubstituted thiol; uneubstUuted or substituted amino; hydroxy, and OR' whwein 
R* is selected from the group consisting of hydrogen, alkyl, aoyi, aryl aralkyl. 
unsubstituted or substituted amino; substituted or unsubstituted thiol; ar.d halogen; 
and a linear or cyclic carbon chain optionally intsrrupted with one ot more 
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heteroatom, and optionally substituted with one or more -0. or -S, hydroxy, an 
aminoalkyl group, an amino arid, or a peptide of 2-8 amino acida. 

31. A method tor forming a macroicopic moieculax array of tubular 
carbon molecules, said method comprising the etepe of: 

5 (a) providing at leaat about 10* tubular urban molecules of 

substantially similar length in the ringe of 50 to 500 mm 
(b) introducing a linking moiety onto at lean one end of sold tubular 

carbon molecules; ■ 
(e) providing a substrate coated with a notarial to which said Unking 
10 moiety will attach; ind 

(d) contacting said tubular carbon molecules containing a linking 

moiety with said substrate. 

32. The method of claim 3 1 wherein said substrate \s selected from the 
group consisting of gold, mercury and indium-tin«oxide. 

15 33. The method of claim 32 wherein said linking moiety is selected 

from the group consisting of .5KCH0.-NH-, and -SiO^CHOM. 

34. A method for forming a macroscopic molecular array of tubular 
carbon molecules, said method comprising the steps of: 

(a) providing a nanoscaie amy of microweUs on e substrate, 
20 (b) depoaitingamelalcataiyRineuhofsaidmtcrowell«and 

(e) directing a stream of hydrocarbon or CO feedstock gas at said 
substrate under conditions that effect growth of aingle-wall carbon 
nanotubes from each mic rowel). 

35. The mathod of claim 34 further comprising the stop of applying an 
25 electric field In the vicinity of said substrate to assist in the alignment of said 

nanotubes growing from said microweUs. 

36. a method for forming a macroscopic molecular amy of tubular 
carbon molecules, said method comprising the steps of: 

(a) providing surface containing purified but entangled and relatively 
30 endless single-wail carbon nanowbe material: 
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(b) subjecting said surface to oxidiang conditions sufficient to souse 
short lengths of broken nmotubes to protrude up from said surface: 
and 

(c) applying an electric field to said surface to cause said n&notubes 
5 protruding from said surface to align In an orientation generally 

perpendicular to said surface and coalesce into an array by van der 
Weals interaction force*. 
37. Then*thc4ofclaim36wbemtasaidoxi^ 
heating said surface to about SOO'C in an atmosphere of oxygen and CO,, 
i 0 38, A method of forming a macroscopic molecular amy of tubular 

carbou utulcvuk*, said mothod comprising th* «np nf UKaWta tuber-ays of up 
to 10* single-wall carbon naootubei into a composite array. 

39. The method of claim 38 wherein all the subaneya have the same 
type of nanotuhes. 

1 5 40. The method of claim 38 wherein the eubarrnys have different types 

of nanotuhes. 

41 . The method of claim 38 wherein the lubarrey* are made according 
to the method of any of claims 31 , 34 or 36. 

42 A method for continuously growing macroscopic carbon fiber 
20 comprising at least about 10» stngle.wall nanotuhes in generally parallel 
orientation, said method comprising the steps of: 

(a) providing a macroscopic molecular array of at least about ID* 
tubular carbon molecules in generally parallel orientation and 
having substantially similar lengths in the range of from about 50 

25 to about 500 nanometers; 

(b) .removing the hemispheric fullerene cap from, the upper ends of the 
.tubular carboa molecules in said army; 

(c) contacting said upper ends of the tubular carbon molecules in said 
array with at least one catalytic metal; 
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(d) supplying a gucoui source of carbon to the end of mi ansy while 
applying localized energy to the end of said array to heat said end 
to a temperature in the range of about 500*0 to about 1 300° C. and 

(e) continuously recovering the growing carbon fiber. 

5 43. The method of claim 42 wherein said fullerene caps are removed by 

heating in an oxidative environment 

44. The method of claim 43 wherein said oxidative environment 

comprises equeoue etching with nitric acid or gas phase etching at temperatures of 

about 500 f C in an atmosphere of oxygen and CO,. 
10 45 The method of claim 42 wherein said catalytic metal is selected 

from the group consisting of Oroup V1U transition metaU, Group VI transition 

metals, metals of the lanthanidc series, metals of the ectinidc scries, and mixtures 

thereof. 

46. The method of claim 43 wherein said catalytic metal is selected 
15 from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Oa, Ir and Pt. 

47. The method of claim 46 wherein said catalytic metal is selected 
from the group consisting of Fe, Ni, end Co, and mixtures thereof. 

48. The method of claim 45 wherein said catalytic metal is selected 
from the group consisting of Cr. Mo, and W. 

20 49. The method of claim 42 wherein said catalytic metal is deposited 

in situ on each nanotube aa a metal atom cluster. 

50. The method of claim 49 wherein said metal atom cluster has from 
about 10 to about 200 metal stoma. 

51. The method of claim 42 wherein said catalytic metal u deposited 
23 as preformed nanoparticlea. 

52.. The method of claim SI wherein said catalytic metal is Mo. 

53. The method of claim 42 wherein said catalytic metal is deposited 
in tho form of a metal precursor selected from the group consisting of salts, oxides 
and complexes of said metal. 
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5*. The method of claim 42 wherein said catalytic metal ii deposited 
* - byevaporatagiwtal atoms sad allowing to^ 

open nanotubc endi. 

51 The method of Claim 54 wherein said evaporation is effected by 

5 heeling a wire or wires containing said catalytic metal. 

56. The method of claim 54 wherein said evaporation is cffecwo by 
molecular beam evaporation 

57. The method of claim 42 wherein gaseous source of carbon is 
selected from the group consisting of hydrocarbon* and carbon monoxide. 

10 51 The method of claim 57 whertin said hydrocarbon is selected from 

the group consisting of elkyls, acyls, aryU and araikyl having ! to 7 carbon atoms. 

59. The method of claim 58 wherein said hydrocsrbon is methane, 
ethane, ethylene, acetylene, acetone, propane, propylene and mixtures thereof. 

60. The method of claim 42 wherein said localized energy is provided 

IS by a laser beam. 

61. The method of claim 42 wherein tsld localized energy is provided 
by a eource selected from the group consisting of a microwave generator, an R-r 
coil and a solar concentrator. 

62. The method ofclaim 42 wherein said end is heated to a temperature 

20 in me range of about 900'C to about 11 00*C. 

63. A composition of matter comprising at least about 80% by weight 

of single* wall carbon nanotubes. 

64. The composition of elaim 63 comprising at least about 90% by 

weight of single-wall carbon nanotuboa. 
25 65. The composition of claim 63 comprising at least about 95% by 

weight of single-wall carbon panotubes. 

66. The composition of claim. 63 comprising at least about 99% by 
weight of single-wall carbon molecule*. 

. 67. A felt comprising ut least about 80% by weight of single-wall 

30 carbon nanotubes. 
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68. The felt of claim 67 comprising at least about 90% by weight of 

single- wail nanotubei. 

69. The felt of claim 67 comprising at least about 95% by weight of 

single-wall nanotubei. 
5 70. The felt of claim 67 compriiing ax least about 99% by weight of 

single-wall nanotubei. 

71 The felt of claia 67 in the fonn of a paper-like material. 
72. A tubular carbon molecule having the following structure: 



10 




t3 




wherf 



20 



is a substantially defect-free 
cylindrical graphene sheet 
(optionally doped with nonavbon 
atoms) having from about 10 1 to 10* 
carbon atoms; 



25 



where 




ia a hemispheric folterene cap 
having at lean aix pernio na and the 
remainder hexagons; 



30 



is a number from C to 30: and 
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R, R', R 1 , R\ and R 1 etch may be independently selected from 

the group confuting of hydrogen; *lkyt. 
acyl, aryL aralkyU halogen; substituted ot 
unsubsmutsd thiol; unsubstituted or 
5 substituted amino; hydroxy, and OR' 

whettin R' is selected from the ,roup 
consisting of hydrogen, aJkyl, acyl, aryi 
arnlkyl, unsubstituied or substituted amiuo. 
substituted or uniubadtuted thiol: and 
j q halogen; and a linear or cyclic carbon chain 

optionally interrupted with one or more 
hetcroaiom. and optionally substituted with 
one or more -0, or =S. hydroxy, an 
aminoalkyl group, an amino acid, or a 
15 popish of 2*8 amino acidt, 

wherin the tubular carbon molscule contains 
ltlel«on•ofR.R , ,R , .R^a^orR , 
73. The molecule of claim 72 wherein said graphene sheet ha a 
configuration that corresponds to a (ryv) single-well carbon owotubc 
20 74. The molecule of claim 72 wherein said molecule has a length from 

about 5 to about 1000 nm. 

75. The moleeule of olaim 74 wherein said molecule has a length of 

from about 5 to about 500 am. 

76. The molecule of claim 72 wherein n is 0 to 1 2. 

25 77. The molecule of claim 72 Airther comprising at least on; endohedrai 

species. 

78. The molecule of claim 77 wherein said ondohedrd speciss is 
selected (rem the group consisting of metal atoms, fullcrene moleeuies. other small 
molecules and mixture thereof. 
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79. The mclecula of claim 78 comprising & (10. 1 0) eingle.wall nanorub* 
containing at lut one ondohedml tpteiee selected from the group con jilting of C«. 
Cm> or mixtures thereof. 

80. The molecule of claim 79 wherein said C M or C* additionally 
5 contains an eodohedrel subsutuent selected from the group consisting of metal 

atoms end metal compounds. - 

81. A maflmscopic molecular amy comprising at least about 1 0* single- 
wall carbon nanotubes in generally parallel orientation and having substantially 
similar lengths in the range of from about 5 to about 300 nanometers. 

10 82. The amy of claim 8 1 wherein said nanotubes are of the same type. 

83. The array of claim 82 whwm said itanotubes are ol the (n.n)rype 

84. The amy of claim 83 wherein said nanotubes are of the ( 10. 10) 

typ«- 

83, The amy of claim 83 wherein said nanotubes are of the (m,n) type. 
15 86. The amy of claim 8 1 wherein said nanotubes art of different types. 

87. The array of claim 8 1 farther comprising a substrate inched to one 
end of said amy and oriented substantially perpendicularly to the r-anotuoes is said 
amy. 

88. The amy of claim 87 wherein seid substrate is a bucky paper 
20 surface. 

19.. The amy .of claim 87 wherein said substrate is a metal layer 
selected from the group consisting of gold, mercury end indiunvun*ox;d*. 

90. The amy of claim 86 wherein a central portion of nnnctubes are of 
the (n,n) type and an outer portion of nanotubes aw of the (m,n) type. 
25 91. A macroscopic carbon fiber comprising at least about 1 0* iingle- 

wall oarbon nanotubes in generally parallel orientation. 

. 93. The fiber of claim 91 comprising at least about 10* single-wall 

carbon nanotubes. 

93. A composite Abet comprieing e plurality of the fibers 0: claim 91. 
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94. a molecular templete array for growing continuous length carbon 
fiber comprising • segment of the fiber of cliim 91. 

1 05. The fiber of claim 91 having e length of at lent', millimeter. 

96. The fiber of claim 91 wherein a substantial portion of said 

S naaotubee are of the (n,n) type. 

97. The fiber of claim 91 wherein all of said nanoiubes are not of the 

same type. 

9g. A composite article of manufacture compiling a matrix material 
mecte* from the group consisting of metals, polymera, ceramics and cermets. said 
10 matrix hiving embedded in st least a portion thereof a property enhancing amount 

of the carbon fibers of claim 91 . 

99. The composite article of claim 98 wherein said property is 
structural, mechanical electrical, chemical optical, or biological. 

100. A high voltage power transmission cable wherein at least one 
i 5 conductor comprises a continuous carbon fiber according to claim 96. 

101. The power mewnission cable of claim 100 wherein both a central 
conductor and a coaxially disposed outer conductor are formed from said carbon 
fiber and an insulating layer is disposed therebetween. 

102. The power transmission cable of claim 101 wherein said insulating 

20 layer Is an air space. 

103. The power transmission cable of claim 101 wherein said insulating 
layer comptises a material selected from the group consistmg of iruularing carbon 
fiber made from carbon nsnotubea of the (nys) type and Insulating BN fiber made 
from haxab^pnitride nanoiubes or mixtures thereof. 

25 104.. A solar cell for converting broad spectrum light energy into 

electrical currentcomprising a molecular array according to claim SI as the photon 
collector. 

105, TTie solar cell of claim 104 additionally compnsing a photoactive 
dye coupled to the upper ends of the nanotubes in said array. 
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1 06. A bistable, nonvolatile memory bit comprising the endohedrally- 
loaded tubular carbon molecule of claim 77. 

1 07, The memory bit ofclaim 106 wherein the tubular carbon molecule 
is formed from a (1 0,10) type nanotube and the endchedral species is a at C„ 

fullerene molecule. 

1 0i. A bistable, nonvolatile memory device comprising the memory bit 
of claim 106. means for writing to said bit and means for reading »aid bit 

109. The memory device of olairo 108 wherein said means for whang 
comprise* a nanocircuit element adapted to direct a voltage puis* of positive or 
negative polarity at said bit to cause said ondchedral species to wove from e first 
end to a second end of said bit 

1 10. The memory device of claim 1 08 wherein said means for reading 

said bit comprises 

(a) a first nanocircuit element adapted to be biased at a first voltage 
15 CVuJ and spaced torn stead end ofsaid bit » term a first gap therebetween; and 

(b) a second nanooieuit element adapted to be biased to ground voltage 
(Vj and speoad fiom said read end of said bit to form a second gap, whereby the 
presence of said cndohedral species is unambiguously determined by the presence 
of current tunneling across said first and second gaps. 

20 111. A microporous anode for ao electrochemical cell comprising e 

mnlnaiiw amy according to claim 81. 

1 12. A lithium ion secondary battery comprising the anode ofclaim 111. 
a cathode comprising UCoO, and an aprouc organic electfolyte wherein a fullerene 
intercalating compound (FIC) of lithium- forms at the anode under charging 

25 conditions. 

113. An apparatus for forming a continuous macroscopic carbon fiber 
from a macroscopic molecular template array comprising at least about 10* single- 
wall carbon nanotubes having s catalytic metal deposited on the open ends of said 
nanotubos. said apparatus comprising: 
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(a) means for locally heating only said open ends of said nano tubes in 
said template amy in a growth and annealing zooe to a temperature 
is the range of about 500'C to about 1300*C-, 

(b) miana for supplying a carbon-containing feedstock gas to the 
5 growth and an nealing zone immediately adjacent said heawd open 

ends of said nanotubei in said template amy; and 

(c) means tbr continuously removing growing carbon fiber from said 
growth and annealing zone while rn*infin<wg die growing open end 
of said fiber in said growth and annealing zone. 

10 114. The apparatus of claim 113 wherein said meani for locally healing 

comprises a laser. 

115. The apparatus of claim 113 enclosed in a growth chamber 
maintained at a vacuum by evacuation means. 

116. TW apparatus of claim 1 1 5 farther comprising a vacuum fend lock. 
15 zone through which said continuously produced csibon ffkw is passed ard a tiki- 

up toll at atmospheric pressure. 

117. A composite material comprising: 

(a) a matrix; and 

(b) a plurality of single- wall carbon nanotubes embedded within said 

20 matrix. 

lit. The compoeite material of claim 117, wherein said matrix 
comprises a polymer. 

119. The composite material of claim 118. wherein said polymer 
comprises a thermosetting polymer. 
25 120. The composite material of claim 1 1 9, wherein said thermosetting 

polymer is selected from the group conaieting of phtheiie/meelic type polyesters, 
vinyl esters, epoxiea, phenollos, oyanatoe, biamaleimidee, and nadic end-capped 
polyimides. 

121. The composite material of claim 118, wherein said polymer 
3 0 comprises a thermoplastic polymer. 
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1 22. The composite material of claim 1 21 . whewin said thermoplastic 
polymer is selected from the group consisting of polysulfoncs. polywnidcs. 
polycarbonate polypbenylene oxides, polysulfldes, polyether ether ketone, 
polyether lul/ones, polyamide-iinides, pelyetherimid.*, pclylmldes, pel yar> -lam. 
5 and liquid crystalline polyeittn. 

125. The composite material of elate 117. wherein **id matrix 

comprises a metal. 

124. Ths compcaite material of claim 117, wherein laid matrix 

comprises a eeiimie. 

10 125. The composite material of claim 117, wherein said matrix 

comprise! a cermet. 

126. The compete aateriai of claim ll7,wfceremse»cirbornenctube 

material comprise* tubular carbon nanotuoe molecules. 

127. The composite material of claim 1 17. wherein said carbon nanoiabe 
1 5 material comprises ropes of up to about lO'SWNTs. 

121. The composite material of claim 1 1 7. wharin »*d carbon nsnctub* 
material comprises fibers of greater than lfSWNTs. 

129. The oompoiite material of claim 126, 127, or 121, Amber 
comprising an additional fibrous materiel 
20 130. The composite material of elaim 126, 127. or 128. wherein said 

carbon nanotuoe material is modified to Interact with said matrix m«»rial. 

121. A method for producing a composite material containing carbon 
nanotuoe material comprising: 

(a) preparing a matrix material precursor, 
25 (b) combining single-wail carbon nanowbes with said msttix material 

precursor, and 

(c) fotming said composite material. 

1)2. The method of claim 131, wherein said carbon aenoiube maierial 
is combined with said matrix material precursor before said step of foraurg. 
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1 33. The method of claim 13 1 , wherein said carbon nanotube material 
Is combined with said matrix material precursor during said step of formin C . 

1 34. The method of claim 131, wherein said carbon nanotube material 
is combined with said matrix material precursor immediately after teid step of 

5 forming. 

135. The method of claim 131, wherein said matrix material precursor 
it caused to flow around a pre-formed arrangement of said carbon nanotube 
material. 

136. A method of producing a composite material containing tarbon 
10 nanotube material comprising: 

(a) preparing an assembly of a fibrous material; 

(b) adding single-wall carbon nanotubea to said fibrous material; and 

(c) adding a matrix materiel precursor to said carbon nanotubes and 
said fibrous material. 

15 137. The method of claim 136, wherein said fibrous materials are 

arranged in a two-dimensional sheet, and some portion of said carbon nanotubes 

axe oriented in a direction other man parallel to said sheet 

13g. The method of claim 1 3 1 or 136 wherein said carbon nanotubes 

comprise tubular carbon nanotube molecules. 
20 139- The method of claim 13 1 or 1 36. wherein said carbon nanotubes 

comprise ropes of up to about 10 5 SWNTs. 

140. The method of claim 1 3 1 or 1 36, wherein said carbon nanotubes 

comprise fibers of greater than 1 0* SWNTs. 

1 41. Afljree4uneiutonelstruc««thtf 
25 single-wall carbon nanotube molecules comprising: 

a plurality of multifunctional single-wall carbon nanotubes assembled into 
. said three-dimensional structure. 

142. ITiethme-dinwiaibnal structure of claim 141, wherein said single- 
wall carton nanotubes have mulnninctioosl derivatives on their end caps. 
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143. The three-dimensional structure of claim 141, wherein said «*««le- 
wall carbon nanombes have multifunctional derivstives « multiplt locations on 
Maid single-wall carbon nenotubea. 

144. . The thrafrdimaniiooal structure of claim 141. wherem said single- 
5 waU carbon nanctubes art assembled u a result of van der Wials atrractioru. 

145. a three-ditnantionii structure of claim 141, which baa 
electromagnetic properties. 

146. The three^rneneional structure of claim 145, wherein said 
electrcmaaneuc properties are determined by a ftmctionally-spacifk agent 

\q 147, A uWouaenaional structure of claim 141, which is symmetrical. 

149. A three-dimensional structure of elairn 141. which is not 
symmetrical. 

149. A three-dimensional steucture of claim 141, which has biological 
properties. 

15 1 30. A threcHiunensional structure of claim 149, which operates st a 

catalyst for biochemical reactiona. 

151. A thres-dimensional structure of claim 149, which inieracu with 

living tissue. 

152. A three-dimensional structure of claim 149, which serves as an 
20 agent for interaction with functions of a biological system. 

153. A light harvesting antenna comprising! 

at least one single-wall carbon nanotube conductive element, said at least 
one nanotube having a length selected relative to a d»sired current level and a 
desired voltage level. 

25 154. T*1ifrimi^Mmm*^M'*^ t * A * ]n *"* 

single-wall carbon nanotube forms a Sehottky barrier. 

155. An array of light harvesting antennas of claim 153. 

156. The array of light harvesting antennaa of ciaim 155, wherein said 
array is formed by self-assembly. 
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157. Amo leculirelecTOmccompoM»tcompmingatleMtonesingle- 

wail carbon nanotube. 

I5g. The molecular electronic component of claim 1 57, wherein »aid 
molecular electronic component is * bridge circuit for providing full wave 
5 rectification, said bridge circuit comprising: 

four lingie-wall carbon nanotubei, each of said four single-wall 
carbon nanotubca forming one edge of a iquara and linked to two of four 
buckyballs, each of said four buckyballs located at a comer of laid square. 

1 59. The bridge circuit of claim 1 58, wherein said buckyballi end sirgle- 
10 wall carbon nanotubea ire derivitired to include runedooaUy specific linking 

agents. 

160. A molecular electronic component of claim 157, which is a 
fullerene diode. 

161. A naoescale manipulator comprising at least one smglcwall carbon 
15 nanotube 

162. The nanoscale manipulator of elaim 161, which is nanoforcepts. 
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